In the Gaza Strip irrigation practices are only based on the farmer's own experience, they determine when and how to irrigate crops based on the appearance of the soil and the climatic conditions. Even though FAO-CropWat model is used for many countries to estimate irrigation water requirements, it is rarely used for Gaza Strip. In the current research, it is the first attempt to model the historical available meteorological data to estimate the irrigation water requirements for the most common cultivated crops (citrus, almonds, date palms, grapes) and to compare the results with the farmer irrigation practices. The model results show that, the reference evapotranspiration accounts for 1451 ± 5 mm/year. Therefore the irrigation water requirements estimated to be 763, 722, 1083, 591 mm/year in average for Citrus, Almonds, Date palm, Grapes, respectively. The farmer irrigation practice exceeding the irrigation water requirement by 30%. The spatial distribution of irrigation water requirements in the entire area of Gaza Strip is shown on maps derived by GIS technique based on data from eight meteorological stations. Irrigation water quality is not optimal in the Gaza Strip, chemical analysis of irrigation wells indicate high salinity and SAR ratio. The obtained results from the model could be a good management tool for the planners and decision makers to minimize the overexploitation of the groundwater and to build fair and strict regulations to optimize the water use in agricultural sector in the Gaza Strip which characterized by semi-arid region.
Introduction
Gaza strip, like any other parts in the Middle East, has a distinct and serious deficit in water, the problem in this area is more clear and serious, and it is related to the water quantity and quality. It is located geographically in arid and semi arid areas at longitudes 33˚2" east and latitudes 31˚16" north's. Water is becoming an increasingly scarce resource and planners are forced to consider any sources of water, which might be used economically and effectively in agriculture to promote future development. The rapid increase in urban population, land scarcity and the challenge of urban food security has accelerated the phenomenon of urban agriculture on the account of water resources in Gaza Strip, which is mostly ignored by planning institutions [1] . Ground water is the only resource of water, and many estimates of the annual groundwater recharge in the Gaza strip have been mentioned in different references, all of these references agree on one fact, the annual recharge is less than the extracted quantities for a long time, resulting in a serious mining of the groundwater resources [2] [3] [4] [5] . The type of fertilizer and irrigation practices has aimed to supply sufficient nutrients and water to ensure economical yields [6] . Nitrogen and irrigation practices should be considered as complementary to each other [7] . Agriculture is the main water consumer in the Gaza Strip (more than 70% of the total groundwater extraction). The trend of degradation of water resources will continue if serious plans are not prepared in addition to policies and strategies towards efficient water allocation. The Food and Agriculture Organization of the United Nations (FAO) has proposed using the Penman-Monteith [8] (FAO-56 PM) method as the standard method for estimating reference evapotranspiration (ET 0 ), in order to estimate the various crops water requirements based on the reference evapotranspiration and the crop coefficient. For this purpose meteorological data from most of world countries and regions were provided to FAO-CropWat model except for Gaza Strip in spite of the water scarcity and the excessive use of irrigation water in this area. FAO-CropWat model built based on the recommended FAO-56, 1998 [8] method which is proven by many researches as a best available approach. The Model was build to calculate the crop water requirements and scheduling based on local meteorological data such as minimum and maximum temperature, wind speed, humidity, daily sun shine hours and effective rains. This approach is rarely discussed for Gaza Strip and most of the practices depend mainly on the historical and legacy experience. Therefore, the main objective of the current research is to review the current irrigation practices and the extracted amount of water from the coastal aquifer for irrigation purposes in comparison to the real needs based on historical meteorological data and FAO-CropWat modeling. The results will be presented on the Gaza Strip maps using the GIS techniques for spatial analysis to be used as guidelines for farmers to determine their irrigation needs based on crop type and geographical location within the Gaza Strip entire area.
Methodology

CropWat Model
Modeling of average meteorological data for the last ten years by using CropWat Version 8.0. CropWat 8.0 Windows is a program that uses the FAO (2004) Penman-Monteith method for calculating reference cropevapo-transpiration. These estimates are used in crop water requirements calculations:
Crop Water Requirement (CWR) = ET 0 × K c -P e , where, K c is the crop coefficient and P e , is the effective rainfall calculated by USDA soil conservation service method (T. A. Obreza While Gaza soil texture ranges from sandy loess soils to brown clay loam. Therefore, it represented as a medium soil according to the FAO soil classification in the model. Meteorological data such as rainfall, wind speed, humidity, minimum and maximum temperature and sunshine hours are collected from eight meteorological station distributed all over the entire area of Gaza Strip as shown in Figure 1 . Model results are compared with the results of questionnaire distributed to farmers to ensure the real figures of water use for irrigation of the targeted crops (Citrus, date palm, almonds and grapes) in the study.
Quality Measures
For qualitative study, collected samples from irrigation wells of the visited farms were analyzed for major cations such as, Ca and Mg by Titration, Na  by Flame photometer; to estimate the Sodium Adsorption Ratio (SAR). Anions such as, by Titration, EC is determined using electrode. The study relied on transactions descriptive statistics such as average, standard deviation, correlation by using the statistical program SPSS v.15, Excel 2007 in the analysis.
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Results and Discussions
As shown in Figure 1 . Gaza Strip has eight meteorological stations, an average of ten years for maximum and minimum temperature, humidity, wind speed and sun shine hours were inputs for the FAO-CropWat model ( Table 1) . The maximum temperature ranges between 18.1 and 29.4˚C, while the minimum temperature ranges between 10.7 and 24.6 in winter and summer, respectively. The average humidity is 68.3% indicating high humidity in summer than in winter, as the Gaza Strip located on a coastal zone. Wind speed ranges between 230 and 281 km/d. while the average sun shine hours are 5.7 and 9.7 hours/d in winter and summer, respectively.
The model outputs such as solar radiation and reference evapotranspiration indicates high variation between winter and summer, the average solar radiation ranges from 8.5 to 25.6 MJ/m 2 /d in winter and summer, respectively as a consequence the reference evapotranspiration accounts for 1.8 mm/d in February and 5.7 mm/d in July.
For the Gaza Strip limited data sources as the meteorological data is well documented in the last decade only, such model produce satisfactory values compared to other approaches; Slavisa Trajkovic, 2005 [10] from Serbia (Southeast Europe) examined whether it is possible to attain the reliable estimates of ET 0 only on the basis of the temperature data. His goal was reached by the evaluation of the reliability of four temperature-based approaches (radial basis function (RBF) network, Thornthwaite, Hargreaves, and reduced set Penman-Monteith methods) as compareed to the FAO-56 Penman-Monteith (PM) method. The study showed the Thornthwaite, Hargreaves, and reduced set Penman-Monteith methods mostly underestimated or overestimated ET 0 obtained by the FAO-56 PM method. In addition, reference evapotranspiration (ET 0 ) estimates have been computed on a global scale using a high-resolution monthly climate dataset. Penman-Monteith (PM) and Hargreaves (HG) methods have been compared, showing very reasonable agreement between the two methods and proved ET 0 estimates significantly for arid regions [11] . Gaza Strip is characterized by short winter season, the first real rain starts from October till March, rains in September and April are occasionally and happened two times in the last decade. Therefore, the average yearly rainfall is only distributed to five months a year. Around 30% of the rains occurs in January as shown in Table 2 for the eight meteorological stations all over the Gaza Strip. In general rainfall and effective rain is nearly nil in April till September. The annual average effective rain accounts for 327 mm/year, calculated by USDA method [9] . Historical meteorological data is lacking, the existing meteorological stations are established 15 years ago. Meteorological data used before this time was adopted from the closest meteorological stations from neighbor countries.
Quantity of Irrigation Water
Gaza Strip agricultural sector has a wide range of cultivated crops. The main permanent trees are citrus, almonds, apricot, apple, date palm, grapes and olives [12] . In addition to wide range of vegetables such as tomato, pepper, eggplants and potato. Rain fed crops such as winter wheat and barley cultivated in winter season only, so it is neglected from the calculations. [8] is intended to improve daily simulation of crop ET by considering separately the contribution of evaporation from soil [13] .
Considering the same climatic data for all the crops at the same region, the crop coefficient plays the essential role to determine the crop water requirements (CWR). As shown in Figure 2 . Date palm has the highest crop coefficient along the year it ranges between 0.9 to 0.95. Crop coefficient of citrus varies between 0.7 to 0.9. The highest value of crop coefficient is the end of development stage and the midseason. The crop water requirements results of FAO-CropWat model are shown in Figure 3 , in GIS spatial maps of the Gaza Strip. The results basi-cally for irrigation water requirements is not same in the whole entire area of the Gaza Strip, for example the irrigation water requirements ranges from 790 to 950, 730 to 930, 625 to 755 and 1130 to 1315 mm/year for citrus, almonds, grapes and date palm, respectively from north to south of the Gaza Strip. Comparing with the data according to the estimations of water authority and the ministry of agriculture and farmers questionnaire, datepalm constitute the most water consumption crop around 1378 mm/year, followed by citrus 1020 mm/year, apple and almonds 1000 mm/year and grapes 865 mm/year. These values exceed the values of the model by at least 20%. Farmers used to cultivate Winter wheat and barley to feed their animals without having tangible agricultural infrastructure or irrigation water consumption therefore, it is classified as rain fed crops. The water allocate for irrigation is measured and published by relevant institutions, in the current farmers practice citrus, olives, fruits and vegetables are irrigated with extra amount of water required for evapotranspiration due to absence of research in this field leading to unfair revenue which is not cover the cost of pumped water from the aquifer [1] . Therefore, the agricultural water demand is estimated from the available cultivated areas multiplied by the irrigation water quota allowed for each crop calculated by FAO-CropWat model. One of the missed issues which cannot be investigated by FAO-Model is the irrigation in the green houses and the required irrigation water quality. In spite of the crops which cultivated in green houses have the highest farm profit, it consume the highest quota of irrigated water especially the green houses which consumes more than 1500 mm per annum [14, 15] . The total groundwater extraction in the Gaza Strip in recent years estimated at 142 -170 Million Cubic Meter (MCM). Agricultural extraction is accounted for 100 MCM a year [15] . The results of the model shows that the irrigation water requirements for citrus is 790 to 930 mm/year while the real practice as a collected data from the questionnaire indicates that the irrigation requirements for citrus ranges between 1000 to 1200 mm/ year. Population growth, and agricultural development have put more pressure on the existing scarce resources. They are currently being exploited to their maximum capacity to meet the desired development. As a result, a lot of environmental problems have started to arise such as the sea water intrusion [16] . Environmental problems will be more acute in the near future if the current resource utilization patterns continue [2] .
The main aquifer in the Gaza Strip is part of what is known as the coastal plain aquifer. This aquifer extends over a distance of 120 km starting from south of mount of Carmel (Haifa) and ending over in the Gaza Strip, it has a width of 7 -20 km and it disappears near the foot hills of the mountains of the West Bank. There are an estimated 4000 wells within the Gaza Strip. Almost all of these are privately owned and used for agricultural purposes. Approximately 100 wells are owned and operated by individual municipalities and are used for domestic supply [12] . Most of municipal water is not suitable for domestic use according to WHO standards for drinking water quality, which recommend Chloride and Nitrate concentration 250 and 60 mg/l respectively. Due to the increasing of salinity and nitrate in the groundwater aquifer, most of the water-relevant institutions in Gaza strip rely on brackish water desalination for drinking purposes [17] . The water balance of the Gaza coastal aquifer has been developed based on estimate of all water inputs and outputs to the aquifer system. The Gaza coastal aquifer is a dynamic system with continuously changes inflow and outflow. The present net aquifer balance is negative, that is a water deficit. Under defined average climate condition and total extraction and return flows, the net deficit range between 18-26 MCM a year. Across much of Gaza Strip, the only groundwater freshwater supply is threatened by a combination of overwithdrawal and saltwater intrusion meaning that as the region's only drinking water source, saltwater contamination or over-pumping would create a significant hazard to public health [18] . Extracting 80 to 100 million cubic meters a year for agricultural purposes is unreasonable based on irrigation water requirements calculated by FAO-CropWat model.
Quality of Irrigation Water
Due to the high extraction rate of agricultural purposes, the groundwater quality is deteriorated; seawater intrusion, up conning are common characteristics of Gaza aquifer. Samples for agricultural wells were analyzed for electrical conductivity (EC), chloride concentration ( ), nitrate ( ) and Sodium adsorption ration (SAR) as manmade pollution due to the excessive use of fertilizer. Most of the samples were collected from irrigation wells for citrus orchards all over the Gaza Strip. As shown in Figure 4 , the salinity represented by the EC, indicates that citrus survive at 3.8 ds/m, where more than 250 dunmes irrigated with and shows no decline in the yield as reported by framers. Irrigation wells with 1.6 to 2.4 ds/m should be transformed to irrigate vegetables or more sensitive crops. In some agricultural wells, chloride concentration is less than in domestic wells where chloride concentration less than 600 mg/l is detected. High percentage of citrus orchards irrigated with water contains more than 1000 mg/l, as shown in Figure 5 .
Excess use of nitrogen fertilizer is shown in the analysis of irrigation water, as shown in Figure 6 , more than 60% of the cultivated areas irrigated with water contains more than 82 mg NO 3 /l. The nitrate concentration in the irrigation water hasn't adverse effect on the yield of citrus production. The relation between electrical conductivity and SAR plays essential effect on soil properties and plant yield, as shown in Figure 7 , most of the irrigation water has EC values ranges from 3 to 4 has SAR values ranges from 8-11. Citrus cultivated in sandy soil in the Gaza Strip, therefore the effect of SAR on soil is neglected.
Conclusions
The main results of the model show that the farmers use about 20 to 30% excess irrigation water than required for the common cultivated crops. Prudent planning requires that a strong water resources research program be maintained, that decisions about future water planning and management be flexible, and that the risks and benefits of agricultural economy be incorporated into all long-term water planning. Water managers and policymakers must start considering the excess use of irrigation water as a serious threat to the water resources in the region.
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